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ABSTRACT 



A display such as a ferroelectric liquid crystal display 
includes a matrix of pixels, for instance formed at the 
intersections of data electrodes and strobe electrodes. In 
order to address an intermediate grey level, each pixel is 
switched from the normally black mode to the grey level in 
odd frames and from the normally white mode to the grey 
level in even frames. Variations in the grey levels, for 
instance caused by temperature variations, act in opposite 
directions so that the average grey level over time of the 
pixel varies relatively little. 

10 Claims, 13 Drawing Sheets 
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DISPLAY AND METHOD OF OPERATING A crystal thickness, extra electrodes are required for address- 

DISPLAY ing all of the sub-pixels. This limits the spatial resolution 

which may be achieved by such a display because some of 

TECHNICAL FIELD OF THE INVENTION the achievable spatial resolution has to be sacrificed in order 

Th* ™™# • r „u f « „ j V i . i;„„;j * t0 f° rm tne sub-pixels. Also, extra drivers and connections 

J2S rfTln rn ,^ P1 7' SUCb , aS 3 1 T squired as the number of row or column electrodes has 

crys al deplay (LCD) and to a method of operating such a , 0 ^ in order tQ i(Je me sub ixels for , iv en 

size of pixel matrix. 

BACKGROUND OF THE INVENTION SUMMARY OF THE INVENTION 

A known type of LCD panel comprises a matrix of picture 10 - According to the invention, there is provided a display 

elements (pixels), each of which is located at the Intersection comprising a plurality of pixels, each of which has first and 

of a strobe electrode and a data electrode: Displays of this second °P lical states > characterised by a control arrangement 

type may use a ferroelectric liquid crystal (FLC) and, by for selectively switching each pixel to an intermediate 

applying suitable data and strobe signals, it is possible to . fP^al state by switchmg the pixel from the first opt.cal state 

display one or more grey levels having light tnmsmissivity 15 f ^ «ntermed,ate optica s ate in > first time per.od and 

. n l. - j i from the second optical state to the intermediate optical state 

or reflectivity between minimum and maximum values a *- a *■ -*u *u a 

. . . / L1 . j ... , , 4 . , m a second time period consecutive with the first time 

which are referred to as black and white levels, respectively. neriod 

This technique for achieving grey levels (by analogue m. 'c » a a *■ -j L jj j 

v \ . .. . , The first and second time periods may be odd and even 

means) may be used alone or m combination with spatial 2Q frames of dis [ data E , ch ^ ther / fore acts as a first 

and/or temporal techniques for providing grey levels. It is sub . pixel during the first time period and a second sub-pixel 

thus possible to prov!de a large number of grey levels so as during the second time period> xh e grey level disp i ay e d by 

to increase the utility and range of applications of panel eacn p i xe i ^ perceived as the average grey levels of the 

displays of this type. sub-pixels. By switching the sub-pixels in opposite 

A difficulty of achieving grey levels with displays of this ^ directions, the effects of temperature, and thickness can be 

type is that the grey levels are sensitive to variations in reduced or cancelled out. In particular, any such effect which 

temperature, panel thickness i.e. thickness of the liquid causes a selected grey level during one frame to increase and 

crystal layer, and pixel pattern i.e. variations in switching in the next frame to decrease can be at least partially 

sensitivity of each pixel as a result of data signals applied to compensated for so that the effect on the perceived pixel 

other pixels. In the absence of compensation, temperature 30 grey level is substantially reduced and possibly eliminated 

variations cause the grey levels to vary from the levels i.e. made imperceptible. The full spatial resolution of the 

expected of the data signals. Although techniques are known display is available for displaying images. This is achieved 

for compensating for large scale changes in temperature without increasing the number of electrodes and electrode 

affecting the whole of a display panel, grey levels are so drivers. 

sensitive to temperature variation that small temperature 35 Preferably the first, second and intermediate states are 

variations over the display area can have a substantial effect black, white and grey states, respectively. The black and 

on grey levels. Similarly, relatively small thickness varia- white states correspond to minimum and maximum optical 

tions in the liquid crystal layer over a small scale within the transmissivity, respectively, and provide easily addressable 

panel, for instance resulting from manufacturing tolerances, and stable states from which the pixels may be switched 

can have a substantial effect on grey levels. Such effect ^ towards the desired grey level. 

therefore limit the number of grey levels which can be The pixels may comprise liquid crystal display pixels, 

reliably addressed and can have a detrimental effect on the although other types of display may also be used, 

quality of images displayed by the display. The first and second time periods preferably compris e 

jP-A-5-27719 discloses a ferroelectric liquid crystal dis- cnng ^itivp. ft-arn? refresh perio cls! 

play of the pixellated type. Each pixel is physically divided 4 S Piyfexahiy th* p i Y p| c a ™ a | Tnnrf ^ j n rmYS on,i a^^, r „| 

Into two sub-pixels whose optical properties are individually 9 T n r pni arranged to refresh all of % P™ 1 * «* rh 

controllable. In order to switch a pixel to a desired grey ro W cirrmitappmigi y 

level one of the sub-pixels is blanked to white and then According to a further aspect of the invention, there is 

switched from the white state so as to try to achieve the provided a method oio p Cnting ± display having a pluraIity 

desired grey level. The other sub-pixel is blanked to black 50 of pixels, comprising selectively switching each pixel to an 

and then similarly switched so as to try to achieved the i nterm ediate optical state by switching the pixel from a first 

desired grey level. However the effects of temperture yaria- optical state t0 the i ntermed iate optical state. In a first time 

tions and differences in thickness of the ferroelectric liquid period and from a optical state {Q the intermediate 

crystal result m shifts of the function relating optical trans- optical state in a dme riod consecutive with the 

missivity to switching waveform. Both sub-pixels are 55 fj ret tmie p^od 

affected in the same way but because the sub-pixels are ^ y M caQ be feUM MKssed 

initially blanked to opposite states before being switched and to makes , 0 addfess { mmbeK f 

towards the desired grey level the effects of such variations leveb ^ „ , 0 increase ^ ^ of ^ 

at least partially cancel out and the perceived grey level of Such ana , techni ' be comb f ned w [ tb tia f and 

the whole pixel is made substantially less dependent of M temporal dither techniques to provide a large number of grey 

vanauons, for instance in temperature or ferroelec r.c liquid levels> thus mcreasing the utility and ran ge of applications of 

crystal thickness. In particular, an effect which tends to make displays such as LCDs 

the grey level achieved by one sub-pixel darker than ' 

expected tends to make the other sub-pixel lighter than BRIEF DESCRIPTION OF THE DRAWINGS 

expected. 65 The invention will be further described by way of 

Although such a display is capable of compensating for example, with reference to the accompanying drawings, in 

temperature variations and variations in ferroelectric liquid which: 
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FIG. 1 is a schematic diagram of a liquid crystal display 
constituting a first embodiment of the invention; 

FIGS. 2a and 2b illustrate strobe and data waveforms 
which occur in the display of FIG. 1; 

FIG. 3 shows graphs of light transmission against data 
waveforms for first and second sub -pixels of the display of 
FIG. 1; 

FIG. 4 is similar to FIG. 3 but illustrates the effects of 
temperature variations; 

FIG. 5 is similar to FIG. 4 but shows actual measurements 
of an example of the display of FIG. 1; 

FIG. 6 shows a graph of light transmission against tem- 
perature in ° C. illustrating variation in a 50% grey level 
against temperature for the example of the display of FIG. 

I and for a known uncompensated display; 
FIG. 7 shows graphs similar to those of FIG. 6 but 

illustrating the variations in several grey levels with respect 
to temperature for the example of the display; 

FIG. 8 shows actual waveforms applied to the example of 
the display shown in FIG. 1; 

FIG. 9 is a graph showing actual waveforms and mea- 
sured light transmission for a dark state or level of the 
display shown in FIG. 1; 

FIG. 10 is a graph similar to that of FIG. 9 for a light state 
or level; 

FIG. 11 is a graph similar to those shown in FIGS. 9 and 
10 for, an intermediate grey state or level; 

FIGS. 12 and 13 are graphs similar to that shown in FIG. 

II for different temperatures; and 
FIG. 14 is a cross-sectional view of the display shown in 

FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows part of an LCD comprising a matrix of 
pixels such as 7 formed at the intersections of n data or 
column electrodes lj, 1 2 , . . . 1„ and m strobe or row 
electrodes 2 lt 2 2 , . . . 2 m . The data electrodes l J} 1 2 , . . . 1„ 
are connected to a data signal generator 4 from which they 
receive data signals D.,, D 2 , . . . D rt whereas the strobe 
electrodes 2 lt 2 2 , . . . 2 m are connected to a strobe signal 
generator 5 from which they receive strobe Signals S lt 
S 2 . . . S m . The data and strobe signal generators 4 and 5 are 
connected to a display input 6 which supplies image data to 
the data signal generator 4 and clock signals to the genera- 
tors 4 and 5. 

The LCD shown in FIG. 1 further comprises a liquid 
crystal layer with alignment layers disposed between the 
data electrodes 1 and the strobe electrodes 2 3 , 2 2 , . . . 2 m . 
Polarisers and other devices are also provided but these parts 
are not shown in FIG. 1 for the sake of clarity. The liquid 
crystal in the display shown in FIG. 1 is a ferroelectric liquid S5 
crystal. 

FIG. 2a illustrates the form, riming and polarity of the 
strobe signals S lf S 2 , . . . S m . The displa y dfllfl flr ft arrangH 

in Fram^ surfr t^f m fr frame contain fifltfl H ^Jr^h\na 

nil f hr pnrrh 7 frf Ihft rihplny Fresh frames of data are 60 
supplied consecutively for display. Wjfoin qa ch frame 1 the 

PITH? «r" r*frreh»A n^w Hkplfly flfljfl pn P rnw at ft fi^QP 

^flftipg w^*h fa* pi vis a^r iflfpH Wlth thft tn p ^ rn hf 

glfWmftp ? i| and finishing nnth ttip. pivp|s associated with 

to hnttnm f*r nhn p 1» n tr n i1ii ? 6 5 

As shown in FIG. 2a. in order to refresh the pixels 7 of the 
display with a first frame nf display data 3 strnhe signal 5^ 



is supplied to the strobe electrode 2 t at a time Tl r The 
strobe signal comprises a negative blanking pulse 8 followed 
by a positive strobe pulse 9. The neg ative hlankin g pulse , 8 
has_the effect of switching a\\ of thq pixrl* ar ^r1rrfinnd hy thr 
el ectrode 2. to the b lack level Pat^^nalc r> i F) u p 

im 511pph'rd fljnT 11 *™*""^ hy IHp rlat^citmal opnr.nfnr 4 ta. 

the data electrodes 1,. 1 Q _ . . . 1 resp^^y, ™^ jn^ 
gynrhrnnjsm xyith foe strnhe pulsp 9 The row of display data 
is thus entered in the row of pixels addressed by the strobe 
electrode 2 V Details of the data signals are given hereinafter. 

Once the first row of data has been entered into the display 
panel, the strobe signal Si ends and, at time Tl 2 , the strobe 
signal S 2 is applied to the second row of strobe electrode 2 2 . 

Ttlfi ftifl"* 1 S q is nf the same fnrrn ^ <;| rfT rr f jpnnl 

15 ^_sp that rhft rpw nf piyels is hlqnlM t~ Nlflr find thfj 

HigpUy Ham arp f^^n fintpr*"* i -imiTlt? np '-" ic1 y ir > «h? piy* Tc j. 
a r)ri tp c y n v;hrnni.s™ wjth the ^rfthr r il1gp i 

Hie remaining strobe signals are applied in sequence to 
the strobe electrodes until the last strobe signal S m is applied 
at time Tl m . Refreshing nf the display with the nevt frarr^e 
of display data then t iffins at timr The strob e sitmaLS^ 
ifi rtCflin apr 1 '*" 1 t" thr Mr"hfi e]p r * r ode S r H nwe.vrr, jp thr 
s econd frame r the strobe signals are inverted so that eac h 
c omprises a positive blanking pulse 10 followed bv_ a 
native stmhp. puke. ;I1 Accordingly, at the start of each 
line address time, the row of pixels being addressed is, first 
blanked to the white state, after which the strobe pulse and 
the data signals switch the optical states of the pixels to the 
desired grey level. 

In order to compensate for effects such as local tempera- 
ture or thickness variations, the image data supplied during 
each odd frame is repeated during each subsequent even 
frame. Thus, each pixel 7 of the display receives strobe and 
data signals in consecutive odd -and even frames which are 
intended to control the pixel to the same grey level. 
However, in the odd frame, the optical state of the pixel is 
switched from its black state towards the desired grey level 
whereas, in the subsequent even frame, the pixel is switched 
from its white state towards the desired grey level. Thus, 
each pixel may be considered as being a first sub-pixel 
during each odd frame and a second sub -pixel during the 
subsequent even frame because the pixel is intended to 
display the same image data i.e. the same grey level, in both 
frames. 

FIG. 2b illustrates examples of data waveforms which 
may be used with the strobe waveforms illustrated in FIG. 
2a. The waveforms shown under tho label "PPI Data" are 
pixel pattern independent data pulses which may be used to 
reduce grey level variations caused by pixel pattern. Pulses 
of this type are disclosed in EP 0 710 945. The next column 
illustrates data waveforms of the type known as JOERS/ 
Alvey as disclosed in P.W.Hj Surguy et al, Ferroelectrics 
122, 63, 1991. These may be phase shifted to achieve grey 
level addressing, for example. However, other suitable data 
waveforms, such as the Malvern set, disclosed in J. R. 
Hughes,. E. P. Raynes, Liquid Crystals, 13, S97, 1993, may 
also be used. 

The data waveforms in the row A have the effect, in 
combination with the "inverted" strobe pulses 11, of switch- 
ing the state of the pixels 7 from white to black but, in 
combination with the "normal" strobe pulses 9, are non- 
switching pulses for the pixels 7, which therefore remain in 
the black state. The pulses in the row 8 in combination with 
the strobe pulses 9 switch the pixels from the black state to 
the white state but, in combination with the strobe pulses 11, 
do not switch the pixels which therefore remain in the white 
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state. The pulses in the row C are intermediate pulses which, FIG. 5 illustrates the performance of an example of the 

in combination with the strobe pulses 9 and 11, switch the display shown in FIG. 1 using an FLC material known as 

pixels from their black and white states to an intermediate SCE 8. The curves shown in the graphs in FIG. 5 were 

grey state which is intended to be of the same transmissivity obtained using measurements at 24, 25, and 26° C. as 

in the absence of the effects of temperature variations and 5 illustrated by the points indicated by black triangles, black 

cell thickness variations. squares, and black circles, respectively. The upper curves 

FIG. 3 shows graphs 12 and 13 illustrating optical trans- relate to the odd frames with the normal strobe signals 9 
mission of the pixels 7 for a range of data pulses for whereas the lower curves relate to the even frames with the 
addressing black, white and intermediate grey levels. The inverted strobe signals 11. The strobe pulse for the normal 
data waveforms shown in the rows A, B and C in FIG. 2b are 1Q strobe signal 9 had an amplitude of 44 volts and was 
marked on the horizontal axes, The drive points for the extended by two time slots whereas the strobe pulse for the 
pixels 7 are preferably chosen so that the slopes of the curves inverted strobe signal 11 had an amplitude of 43.4 volts and 
in the graphs 12 and 13 are as similar as possible. There is was extended by four slots to maintain a constant slot time 
a continuous range of intermediate data waveforms, such as °f 2.5 micro seconds. These curves illustrate the high degree 
that illustrated in the row C in FIG. 2b, which may be used of temperature sensitivity of the grey levels, 
to select a continuous range of grey levels. By making the FIG. 6 compares the performance of the "compensated 
curves in the graphs 12 and 13 as similar as possible, the address" technique illustrated in FIGS. 1 and 2 with the 
intermediate data waveforms select grey levels in the pixels same display operating with the normal strobe waveform 8 
7 which are similar or substantially identical. The frame and 9 supplied during all frames so as to simulate a con- 
repetition rate is such that the grey levels produced by the 2Q ventional uncompensated type of display. A 50% grey level 
pixels 7 in consecutive odd and even frames are integrated was selected and, as shown In FIG. 6, the variation in grey 
by the eye of an observer so that the grey level is the average level for the compensated display over a temperature range 
of the grey levels of each pixel in the individual frames. of 24 to 26° C. was only a few percent whereas, over the 

FIG. 4 illustrates the effects of temperature on the curves same temperature range, the grey level of the uncompen- 

shown in FIG. 3. In particular, the graph 14 illustrates the ^ sated display varied from approximately 5% to approxi- 

effect of increasing temperture on the pixels in the odd mately 80%. The data pulses were of the PPI type having an 

frames whereas the graph 15 illustrates the effect of increas- amplitude of 8 volts (RMS). 

ing temperature on the pixels in the even frames. When FIG. 7 illustrates compensated operation of the same 

using the data waveforms in the row C in FIG. 2b to select display using a variety of PPI waveforms for a variety of 

an intermediate (50%) grey level, increasing temperature 30 grey levels. The black and white levels are little affected by 

causes the curve to shift to the left so that the grey level of temperature. The intermediate grey levels show some varia- 

the pixels in the odd frames actually selected by the data tion as the temperature varies away from the "design'' 

waveform C is lighter than the desired 50% grey level. For temperature of 25° C. and tend towards the 50% grey level 

the pixels in the even frames, the curve in the graph 15 because each pixel in the odd frames tends towards the white 

moves to the right with increasing temperature so that the 3S state whereas each pixel in the even frames tends towards 

data waveform C selects a grey level which is darker than the black state as temperature changes. However, the curves 

the desired 50% grey level. The actually selected grey levels for the intermediate grey levels do not cross or overlap each 

in consecutive odd and even frames are integrated by the eye other so that there is no tendency towards "image inversion", 

of the observer so that the perceived grey level of the pixel Other known techniques are' used for compensating for 

7 is substantially equal to the desired 50% grey level. ^ large scale temperature variations of the whole display 

The transmission curves shown in FIGS. 3 and 4 are panel. By using the technique described hereinbefore to 

substantially horizontal for the data waveforms A and B so compensate for changes in grey level with temperature, 

that the black and white levels are not substantially affected small scale temperature variations across the display panel 

by variations in temperature. If the slopes of the transmis- can be compensated so as to reduce the variation in grey 

sion curves for the odd and even frames are the same, the 45 level. 

selected average grey level remains substantially constant as This technique may be used to compensate for variations 

temperature changes. which are caused by other effects and which shift the 

When using the pixel pattern independent (PPI) data transmission curves in odd and even frames in opposite 

waveforms shown in FIG. 2b, only one data type is required directions. Thus, variations in grey level caused by and 

so that pixel patterning Is reduced. However, the "inverted" 50 variations in cell thickness can be substantially reduced, 

pixel pattern set is generally slower than the normal pixel Although displays of this type aye reguir rri to rrprrrntfl- il 

pattern set so that the durations or the voltages of the strobe twj jce the fram f refiych rate nf equivalent conventional 

signals 9 and 11 may be adjusted so that switching occurs d isplays, the full spatial resolution of the display is availab le 

using the same strobe pulse durations and amplitudes in and no extra drivers are required. Provided the refresh rate 

consecutive frames. The strobe signals 9 and 11 do not need 55 j& sufficient! v_rapfH fo avoid th r visibility "f fli^krx jrr ~v 

to be of the same duration or amplitude but the data signals of an observer integrates the grev levels of the pixels | n 

are the same for consecutive odd and even frames. r fini Cffriltl ' VP fro nTi"r s n ? c pTH"" f'Tafr fye y l ev el ^ 

These difficulties may be overcome in various ways. For In order to reduce the grey level temperature dependence 

instance, the normal and inverted strobe signals may be of using FLCs, materials with low temperature dependence of 

the same time length although this would require that the 60 Vmin and xmin are preferably used. Also, the slope of the 

time would he slower than the fastest rate at which the transmission curve as illustrated in FIG. 3 should not be too 

normal strobe could operate. Alternatively, the normal strobe steep. The slope of the curve may be reduced by selecting 

signal could be slowed down by moving the strobe pulse the appropriate drive point and/or using fast addressing 

closer to the blanking pulse compared with the inverted techniques, such a the Malvern data waveform set. 

strobe signal, Another possibility is that the inverted strobe 65 Alternatively, the cell structure of the display may be chosen 

signal could be speeded up by extending it relative to the so as to reduce the transmission curve slope, for instance 

normal strobe. using multi -thickness or wedge cells or fringe cells. 
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FIG. 8 illustrates actual waveforms produced by the 
generators 4 and 5 of the display shown in FIG. 1. Curves 
40 and 41 illustrate the normal and inverted strobe 
waveforms, respectively, whereas curve 42 illustrates a PPI 
data waveform. The sub-pixels were 100 micrometers wide 
and were separated by 10 micrometer gaps. 

FIGS. 9 to 11 illustrate operation of this display at a 
temperature of 25° C. The measured dark or "black" trans- 
mission level is shown at 43 in FIG. 9 whereas the measured 
light or "white" transmission level is shown at 43' in FIG, 
10. FIG. 11 shows the integrated measure level 44 for an 
intermediate grey level. 

FIGS. 12 and 13 correspond to FIG. 11 but show the 
measured performance at 24 and 26° C, respectively. AS 
shown by the transmission levels 44 in FIGS. 11 to 13, the 
grey level of the pixel exhibits only very small variations 
with temperature. 

The example of a display for which the results shown in 
FIGS. 9 to 13 were obtained used a normal strobe waveform 
of the "Malvern 2" type of magnitude 29.6 volts and an 
inverted strobe of the Malvern 2.5 type of magnitude 41.2 
volts. PPI data waveforms having an amplitude of 8 volts 
(RMS) and a time slot of 20 micro seconds were used, 

The cross-sectional view shown in FIG. 14 illustrates the 
positions of the column electrodes 1 1( 1 2 , . . . l n and the row 
electrodes 2 lf 2 2 , . . . 2 OT . In relation to other components of 
the display. Thus, the display comprises a lower glass 
substrate 20 disposed between the row electrodes and a 
polariser 21. A layer of liquid crystal material 22 is disposed 
between upper and lower alignment layers 23 and 24, which 
are disposed between the column and row electrodes. An 
upper glass substrate 25 is disposed between the column 
electrodes and a polariser 26. The extent of a pixel is 
illustrated at 27. 

Although only liquid crystal displays have been 
described, the same techniques may be applied to other types 
of display which suffer from shifts in transmission curve. 

What is claimed is: 

1. A display comprising: 

a plurality of pixels, each of which has first and second 
optical states; and 

a control arrangement for selectively switching each of 
the plurality of pixels to the first optical state in a first 
time period and to the secorjd optical state in a second 
time period consecutive with the first time period, and 
switching each of the plurality of pixels to an interme- 
diate optical state by switching the pixel from the first 
optical state to the intermediate optical state in the first 
time period and from the second optical state to the 
intermediate optical state in the second time period. 
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2. A display as claimed in claim 1, wherein the first, 
second and intermediate states are black, white and grey 
states, respectively. 

3. A display as claimed in claim 1, wherein the plurality 
5 of pixels comprise liquid crystal display pixels. 

4. A display as claimed in claim 1, wherein the first and 
second time period comprise consecutive frame refresh 
periods. 

5. A display as claimed in claim 1, wherein the pixels are 
10 arranged in rows and the control arrangement is arranged to 

refresh all of the pixels in each row simultaneously. 

6. A display as claimed in claim 1, further comprising a 
plurality of data electrodes and a plurality of strobe 

15 electrodes, wherein the pixels are respectively arranged at 
intersections of the data electrodes and the strobe electrodes, 
and each of the first and second time periods is a period 
required to sequentially address all of the strobe electrodes. 

7. A display as claimed in claim 6, wherein in each of the 
20 first and second time periods, each of the strobe electrodes 

receives one addressing pulse preceded by a blanking pulse, 
and the blanking pulse causes the pixels to switch to the first 
optical state in the first time period and to the second optical 
state in the second time period. 
25 8. A method of operating a display having a plurality of 
pixels, comprising the steps of: 

selectively switching each of the pixels to a first optical 
state in a first time period and to a second optical state 
in a second time period consecutive with the first time 
30 period; and 

switching each of the pixels to an intermediate optical 
state by switching the pixel from the first optical state 
to the intermediate optical state in the first time period 
and from the second optical state to the intermediate 
35 optical state in the second time period. 

9. A method as claimed in claim 8, wherein the display 
further comprises a plurality of data electrodes and a plu- 
rality of strobe electrodes, the pixels being respectively 
arranged at intersections of the data electrodes and the strobe 

40 electrodes, and each of the first and second time periods is 
a period required to sequentially address all of the strobe 
electrodes, 

10. A method as claimed in claim 9, further comprising 
the step of, in each of the first and second time periods, 

45 applying one addressing pulse to each of the strobe 
electrodes, wherein the addressing pulse is preceded by a 
blanking pulse which causes the pixels to switch to the first 
optical state in the first time period and to the second optical 
state in the second time period. 

50 
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